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Abstract

literature.
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Introduction Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH) is one of the most common and
clinically relevant causes of euvolemic hyponatremia, especially in the hospitalized setting, with the incidence in
selected cohorts ranging as high as 30% [1]. While medications, malignancies, and CNS or pulmonary conditions
are commonly implicated, ketamine represents an under-appreciated yet emerging pharmacologic predisposing
factor. We describe and discuss a clinical case of ketamine-induced SIADH (a case of acute). We review epide-
miological data, diagnostic criteria, pathophysiologic mechanisms, differential diagnoses, scoring systems, ther-
apeutic strategies, and outcomes of patients in an evidence-based and comprehensive manner based on current
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Introduction

Hyponatremia remains the most frequent electrolyte disorder
in clinical practice, especially in hospitalized patients, and its
prevalence varies between 15% and 30% according to age,
comorbidities, and setting of hospitalization [1,2]. Euvolemic
hyponatremia, in the setting of normal extracellular fluid vol-
ume, is commonly due to SIADH (responsible for as many as
40% of cases) [3]. The diagnosis of SIADH is clinically difficult
and requires strict criteria to be met: hypotonic hyponatremia,
urine concentrating inappropriately, descent of the renal sodi-
um, and exclusion of both hypovolemia and adrenal or thyroid
insufficiency [4]. Although SIADH has been associated with an-
tipsychotics, SSRIs, and pulmonary neoplasms, there has been
minimal documentation of its development in the presence of
ketamine exposure, which has been since rarely described in the
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relatively rare literature as isolated case reports [5—7]. Here we
present one clinical case that illustrate ketamine-related STADH
in recreational use.

Case Report

A 36-year-old man presented to the Emergency Department
with confusion, nausea and muscle cramps following recre-
ational use of ketamine the night before. On ABCDE triage, his
hemodynamics (BP 128/84 mmHg; HR: 76 bpm), respiratory
status without distress, and Glasgow Coma Scale (GCS) were 13
(E3V4M6). There was euvolemia by clinical examination with-
out focal neurological deficits. Laboratory studies demonstrated
serum sodium of 117 mmol/L, serum osmolality of 255 mOsm/
kg, urine osmolality of 520 mOsm/kg and urinary sodium of 44
mmol/L, with unremarkable renal, thyroid and adrenal panels. In
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view of no diuretics or other contributing drugs and the onset in
relation to ketamine use, drug-induced SIADH was suspected.

Pathophysiology

SIADH Inappropriate release or action of antidiuretic hormone
(ADH, or arginine vasopressin) from the posterior pituitary or
ectopic sources causes SIADH. ADH binds to V2 receptors in
the renal collecting ducts, which cause the insertion of aqua-
porin-2, and to concentrate the urine irrespective of sodium, thus
diluting serum sodium [8]. Ketamine, a noncompetitive NMDA

Table 1: Scoring Systems Applied

antagonist, has been speculated to interrupt hypothalamic osmo-
receptors or magnocellular neurons with disordered ADH release
[9]. This central effect has been shown in animal models and is consis-
tent with human case reports [6-10]. Sympathomimetic and dissociative
properties of ketamine may also obfuscate the clinical picture, resulting
in a delay in diagnosis.

Clinical Scoring Tools
The following standardised tools were but to be used to determine the
causality and probability of STADH:

Score Initial Value Interpretation
Naranjo ADR 6 Probable ADR (Ketamine-related)
SEAD Score 7 High probability of SIADH
GCS 13 Mild impairment of conscious-ness
Serum Sodium (mmol/L) 117 Severe hyponatremia

Naranjo Adverse Drug Reaction Probability Scale: 6 (probable).
This method assesses the temporality, alternative explanations
and previous reports to measure causality for ADRs caused by
drugs [11].

SEAD (SIADH Etiology Assessment and Diagnosis) score of 7,
corresponding to high conditional probability of SIADH.

Bartter and Schwartz Criteria (1967): These is fulfilled in this
case, i.e, low serum sodium and osmolality, inappropriately high
urine osmolality, natriuresis and euvolemia in the absence of
other endocrinopathies [4].

Differential Diagnoses This is a partial list of drugs and diseases
that should be considered in the differential diagnosis of STADH:

Table 2:
CATEGORY AGENTS/CONDITIONS
CNS DISORDERS Stroke, Subarachnoid hemorrhage, Encephalitis
PULMONARY Pneumonia, TB, Positive-pressure ventilation
NEOPLASMS Small cell lung cancer, Thymoma
MEDICATIONS SSRIs, TCAs, Antipsychotics, Carbamazepine, Cyclophospha-
mide, Opioids, MDMA [12]
ENDOCRINE Hypothyroidism, Adrenal insufficiency
RENAL/VOLUME STATUS Nephrosis, Cirrhosis, CHF (excluded via euvolemia)

Therapeutic course

we treated the patient by a conservative correction scheme with
3% hypertonic saline 30 ml/h for 12 h under careful monitor-
ing. Consumption of fluids was limited to <800 ml/d. Na+ was
checked q 4 h to prevent overcorrection and central pontine my-
elinolysis. Neurological symptoms resolved by Day 2 of admis-
sion, and a sodium level of 134 mmol/L was achieved at the time
of discharge on Day 4.

Pathophysiology

SIADH is a water regulation disorder caused by excessive ADH
secretion from the pituitary or ectopic sites, frequently as a
result of cerebral or pulmonary diseases, medications, or neo-
plasms [11]. ADH binds to renal V2 receptors which activates
aquaporin-2 channels in the collecting duct to enhance water re-
absorption consequently, further decreasing the serum micro-os-
molality and sodium concentration [12]. The central action of
ketamine on NMDA receptors may cause impaired hypothalam-
ic control of osmoreceptors and baroreceptors, and uncontrolled
release of ADH [13]. It has been reported that NMDA receptor
blockade modifies the firing of magnocellular neurons in the su-
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praoptic nucleus, a significant ADH control site in the rat, in
both in vitro studies and animal models [14].

Furthermore, ketamine is capable of acting on the sympathetic
nervous system, impelling an increase of circulating catechol-
amines and activating stress-related pathways that possibly
enhance ADH release [15]. The pharmacokinetics of ketamine
such as its lipophilicity and renal excretion could be another ex-
planation for increasing toxic effects with repeated use. Repeat-
ed long-term exposure as in Case 2 may cause the hypothalamic
stimulation to persist and lead to episodes of STADH.

Scoring Tools Clinical Scoring Tools Accurate identification of
drug-induced SIADH is facilitated by validated scoring tools:

Outcome and Prognosis

The patients recovered clinically. No event of hyponatremia
recurrence was observed during recovery. The resolution of
hyponatraemia after cessation of ketamine and fluid restriction
is consistent with the diagnosis of ketamine-induced SIADH.
Prognosis is favorable if the causative agent is withdrawn and
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normal hydration is achieved.

Discussion

Ketamine is known to act as both a procedural sedative and
analgesic, though it is a rare cause of SIADH. A review of the
literature shows the presence of fewer than 10 reported cases
in the last 15 years [5—7,10]. In view of the rising tide of rec-
reational ketamine use, among adolescents and young adults,
clinical vigilance should be maintained. Co-induced by other SI-
ADH- inducing substances Pyanziiid could increase the risk. An
organized assessment using scoring systems, early therapy is es-
sential against the development of neurologic sequelae [14-17].
Public health messages include patient education, regulation of
recreational agents and vigilance among primary care and emer-
gency physicians [15-20].

Conclusions

Ketamine-induced SIADH is an infrequent yet clinically sig-
nificant occurrence, which should be considered as part of the
differential diagnosis of hyponatremia [21-26]. Recognition, di-
agnostic evaluation and intervention are timely and may lead
to good prognosis. The use of clinical scores and adherence to
predefined diagnostic strategies facilitate the diagnostic process
[27-32].
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